Abstract: Based on the tendency of low molar mass liquid crystals composed of extended mesogens symmetrically disubstituted with long n-alkoxy substituents to exhibit smectic C mesophases, we have proposed that SCLCPs with laterally attached (vs. terminally attached) mesogens offer an ideal architecture for obtaining sc* mesophases. In particular, mesogens that typically form the desirable sC*-n phase sequence can be laterally attached to the polymer backbone through a chiral spacer, which should result in high values of spontaneous polarization. Not only are we using mesogens which exhibit sC*-n phase sequences, we are also attempting to induce smectic layering into systems which typically form nematic mesophases by using immiscible hydrocarbon/fluorocarbon components and electron-donor-acceptor interactions. Thus far, 
INTRODUCTION
Any potential applications of side-chain liquid crystalline polymers (SCLCPs) take advantage of their ability to freeze an anisotropic alignment below the glass transition, coupled with the fluidity of the mesophase. While SCLCPs generally can not compete with low molar mass liquid crystals (LMMLCs) for the same applications due to their higher viscosities, ferroelecmc polymeric mesophases, such as chirdl smectic c (w*) mesophases, are very fluid and have fast switching times approaching those of LMMLCs. Materials which exhibit sc* mesophases are also highly sought after because w* mesophases spontaneously polarize if the helix is unwound (Ref. I), such that a ferroelectric alignment can be frozen in below the glass transition. Although correlation of the structure of SCLCPs to their thennotropic behavior is limited, there is important information from the structure/property relationships of LMMLCs which can be used in designing polymers with sc* mesophases. The switching time (7) from one anisotropic orientation to the opposite orientation is inversely proportional to the spontaneous polarization (P) according to eq. 1,
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P E 7 =-eq. 1 in which q is the viscosity and E is the applied electric field (Ref.
2). Assuming that the fastest reorientational times are therefore obtained the higher the spontaneous polarization is, the following structure/property relationships should be considered. First, the highest absolute values of the spontaneous polarization are obtained the closer the chiral center is to the mesogenic core, the closer the chiral carbon is to the center of the molecule, and the stronger the dipole is at a given chiral carbon (Ref. Since sc mesophases are common for symmetrically disubstituted extended mesogens with long n-alkoxy substituents, a more rational design for polymers which might exhibit sc mesophases would be to incorporate this type of mesogen. One way to incorporate symmetrically disubstituted extended mesogens is to attach them laterally to the polymer backbone, with a chiral group in either the spacer or laterally attached at the center of the mesogen. However, it is commonly believed that SCLCPs with laterally attached mesogens are capable of forming only nematic mesophases. Although almost all laterally attached SCLCPs prepared to date exhibit only nematic mesophases (Refs. 5,6), their mesogens correspond to LMMLCs which show little tendency to organize into layers (Ref.
3). We are taking three approaches to induce smectic layering in SCLCPs with laterally attached mesogens. First, we are using mesogens which do exhibit the desired sc-n-i phase sequence, starting with 1 .,4-bis[(3'-fluoro-4'-n-alkoxyphenyl)ethynyl]benzenes (Ref. 4) . In order to demonstrate that smectic mesophases should not be uncommon for SCLCPs with laterally attached mesogens, we are also attempting to force the mesogens into a smectic alignment by terminating the n-alkoxy substituents with perfluorinated segments. This is based on the observation that diblock H(CHz)n(CF&F and triblock F(CF&(CHz),(CF&F molecules with 41n114 and m26 undergo solid-solid transitions into a smectic mesophase before melting into an isotropic state due to the immiscibility of the hydrocarbon and Since there is greater interaction between the mesogens in a smectic vs. nematic alignment, the third approach toward inducing smectic layering will be to copolymerize one monomer containing an electron-rich mesogen with a second monomer containing an electron-poor mesogen.
In order to test the ability of these three approaches to induce smectic layering in SCLCPs with laterally attached mesogens, we prefer to maintain the basic structure of the polynorbornenes containing 1,4-bis[(4'-n-alkoxybeenzoyl)oxy]benzene mesogens shown in Tab. 1. The polynorbornenes shown in Tab. 1 were prepared by ring-opening metathesis polymerization and are the most well-defined SCLCPs with laterally attached mesogens that have been prepared to date (Ref. 6). Both the molecular weight dependence of the phase transitions and the effect of the length of the n-alkoxy substituents are known. That is, both the glass and the nematic-isotropic transition temperatures become independent of molecular weight at approximately 25 repeat units. The glass transition and isotropization temperatures decrease with increasing length of the n-alkoxy substituent. Isotropization decreases in an odd-even alternation, with the even-membered substituents having broader and more stable mesophases than the odd-membered substituents. coupling of 1 ,4-diiodobenzene with two equivalents of the appropriate l-bromo-3-fluoro-(4-nakoxy)benzene through an acetylene bridge as described previously for the synthesis of the n=7-12 derivatives (Ref. 4). Fig. 1 and Tab. 2 present the thermotropic behavior of the entire series. The sc-n-i phase sequence is exhibited when n=6-12. We expect the corresponding SCLCPs to display similar behavior.
We initially planned to prepare the monomers by first synthesizing the mesogen &(I) / PPh3 catalyzed coupling of both 2-iodobenzoic acid and methyl 2-iodobenzoate with phenylacetylene yielded 3-phenylisocoumarin rather than the phthalide (Ref. 12), whereas the addition of one equivalent of water was reported to prevent nucleophilic attack of the carboxylic acid and ester groups at the triple bond. In our hands, &(I) / PPh3 catalyzed coupling of methyl 2,5-diiodobenzoate with 1 -(3'-fluoro-4'-methoxyphenyl)acetylene in DMF using K2CO3 as base yielded a phthalide even in the presence of one equivalent of H20 (Scheme 1). Nevertheless, since cyclization is a nucleophilic reaction, any attempt at reducing the desired 2,5-bis[(3'-fluoro-4'-methoxyphenyl)ethynyl]benzoic acid or methyl 2,5-bis[(3'-fluoro-4'-methoxyphenyl)ethynyl]benzoate would surely result in a phthalide, isocoumarin, benzofuran or benzopyran derivative. Therefore, the ester group of methyl 2,5-diiodobenzoate should be reduced to a benzyl alcohol, and esterified before coupling with the appropriate xylacetylenes. 
SMECTIC MESOPHASES INDUCED BY IMMISCIBLE COMPONENTS
Our second approach for inducing smectic layering in nematic compounds and in SCLCPs with laterally attached mesogens is to terminate the mesogcn's n-alkoxy substituents with immiscible fluorocarbon segments. As outlined in Scheme 4, the 2.5-bis( [4'-n-(perfluoroakyl)alkoxybenzoyl]oxy } toluene model compounds were prepared by etherification of ethyl 4-hydroxybenzoate with an n-bromoolefin, followed by saponification of the resulting ethyl (4-n-alkenyloxy)benzoates, and coupling of the benzoic acids with methylhydroquinone prior to introduction of the perfluorinated segment. Perfluorinated segments were introduced by free radical addition of perfluorohexyl or perfluorooctyl iodide across the double bonds, followed by reduction of the iodide using tributyltin hydride under free radical conditions. These model compounds are being functionalized at the benzylic position with a norbornylpolymerizable group following free radical bromination. The resulting monomers will be polymerized by ring-opening metathesis polymerization.
The thermotroDic behavior of the re. him 2.5-bisl 14-n-loerfhoroakvl)alkoxy- Tables 3 and 4 demonstrates that termination of the n-alkoxy substituents with perfluorinated segments induces smectic layering in these low molar mass liquid crystals. That is, whereas the 2,5-bis[(4'-n-alkoxybenzoyl)oxy]toluenes form nematic mesophases, the 2,5-bis( [4'-n-(perfluoroalkyl)alkoxybenzoyl]oxy)toluenes exhibit what appears to be a SC-SA phase sequence. Although the temperature range of the SA mesophases are relatively narrow (4-10 "C), that of the s c mesophases are quite broad (77-99 "C). Termination of the n-alkoxy substituents with perfluorohexyl and perfluorooctyl groups has little effect on either the melting o r isotropization temperatures compared to the 2,5-bis[(4'-nalkoxybenzoyl)oxy]toluenes without perfluorinated segments. Smectic C and/or SA mesophases were also formed by other LMMLCs containing a perfluoroalkyl substituent (Ref. 16 ). Preliminary results demonstrate that the polynorbornenes also form smectic mesophases. We have set two requirements which must be
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H --A corresponding sodium n-alkoxide, followed by saponification of the n-alkoxy ester. The acids are then converted to their acid chlorides using PCls, and used in situ to diesterify methylhydroquinone to yield the 2,5-bis[(6-n-alkoxynicotinoyl)oxy] toluenes.
As shown in Scheme 7, the 2,5-bis[(3'-fluoro-n-alkoxybenzoyloxy]toluenes are being prepared by first etherifying 4-bromo-2-fluoropheno1, and then converting the resulting 4-bromo-2-fluoro-(n-alkoxy)benzenes to 3-fluoro-4-n-alkoxybenzoic acids by metal-halogen exchange with n-BuLi followed by reaction with carbon dioxide. These acids are then coupled with methylhydroquinone using dicyclohexylcarbodiimide (DCC) as the dehydrating agent. Scheme 8 outlines the synthetic route to the 2,5-bis[(2',3',5',6-tetrafluoro-4'-nalkoxybenzoyl)oxy]toluenes. The n-alkoxy substituents are introduced by nucleophilic substitution of the para-fluorine on pentafluorobenzoic acid using the corresponding sodium n-alkoxides. These 4-n-alkoxytetrafluorobenzoic acids will then be coupled with methylhydroquinone using DCC. We expect these structural variations to have similar effects on the thermotropic behavior of polynorbornenes laterally attached with the corresponding mesogens. The model compounds can be functionalized and attached to a polymerizable norbornene group as outlined in Scheme 9 using 2,5-bis[(3'-fluoro-4-methoxybenzoyl)oxy]toluene as an example. The model compounds are brominated at the benzylic position using Br2 under free radical conditions, and then esterified with potassium bicyclo[2.2.l]hept-2-ene-5-carboxylate in the presence of a phase transfer catalyst. The resulting monomers will be polymerized by ringopening metathesis polymerization using MO(CHM~~P~)(N-~,~-C#~-~-P~~)(O-~-B as the initiator. Tab. 7 demonstrates that symmetrical difluorination of the mesogen has the same effect on the laterally attached SCLCP as it does on the model compound. That is, isotropization is destabilized, whereas the glass transition is increased slightly, such that the temperature window of the nematic mesophase appears over only 25 OC rather than over 66 OC as in the parent polymer. These combinations therefore do not appear to be viable candidates for inducing smectic mesophase formation in SCLCPs with laterally attached mesogens by the formation of EDA interactions. Nevertheless, smectic mesophases have been induced in at least one other system which didn't exhibit a charge transfer band in its UV/Vis spectra (Ref. 23). More promising candidates for potential electron-donors are the aniline derivatives shown in Scheme 5; aniline derivatives such as 4,4'-bis(n-alkylamino)biphenyls have been used as electrondonors in studies of low molar mass liquid crystals (Ref. 24) . Derivatives resembling more traditional electron acceptors may also be necessary. For example, 2,5-bis[(4-(2",2"-dicyanoethenyl)benzoyl)oxy]toluene would be similar to the 4-(2',2'-dicyanoethenyl)phenyl-4-n-alkoxvbenzoates used in mixtures with 4.4'-bis(n-alkvlamino~biuhenvls (Ref. 24) . 
